ObjectiveaaAmong the various psychiatric disorders, depression is a common comorbid condition in cancer patients. Due to the distinct and diverse nature of cancer, the prevalence of depression may be assumed to be affected by differences in primary cancer sites. In this study, we explored the prevalence rates of depression among the ten most prevalent cancers in South Korea using a national patient sample. MethodsaaThis was a 1-year cross-sectional study using a national patient sample provided by the South Korean National Health Insurance in 2011. We selected all patients who had received ICD-10 codes of the 10 most prevalent cancers and major depressive disorder. Afterwards, the cancer and depression groups were merged and analyzed. ResultsaaThe MDD prevalence rate was highest in lung cancer (11.0%), followed by non-Hodgkin's lymphoma (9.2%), prostate (9.1%), bladder (8.8%), breast (7.8%), cervix (7.8%), colorectal (7.7%), stomach (6.9%), liver (6.5%), and thyroid cancer (5.6%). Within all cancer groups, patients with a MDD diagnosis were significantly older (p<0.05) than non-MDD patients. Colorectal, stomach, and thyroid cancer displayed a higher female proportion in the MDD group than the non-MDD group. In the subgroup analysis, the prevalence rate differed by age and sex. ConclusionaaThe prevalence of depression varied according to cancer types. Patients with lung cancer were the most prone to experience depression. Because clinical and psychological factors may influence MDD prevalence, these factors will need to be studied more closely in the future.
INTRODUCTION
The number of cancer survivors has increased gradually allowing individuals to live longer after their diagnosis. 1 In South Korea, over the past 13 years, overall cancer incidence rates have increased by 3.4% per year, while the mortality for cancer decreased by 2.7% per year. 2 Improvement in the survival rate has increased interest in the psychological well-being of cancer patients. 3 Mental health is an important issue for cancer survivors, because it affects not only their overall quality of life but also the disease progression and mortality. 4 
,5 Among various mental illnesses, depression is a very
Print ISSN 1738-3684 / On-line ISSN 1976-3026 OPEN ACCESS commonly observed comorbid condition. 6, 7 Generally, longterm survivors have a higher risk of depression, and sometimes depression results in suicide in cancer patients. [6] [7] [8] [9] Even though depression is the most investigated psychiatric disorder in cancer, it varies considerably, from about 3% to 58%. 6, 7, [10] [11] [12] Such a large variability seems to be the result of several factors, such as heterogeneity of the study population, lack of standard assessment tools, different stages and treatment settings, and different cancer types. 13, 14 According to the distinct and diverse nature of cancer types, the prevalence of depression can be assumed to be affected by the primary cancer site. Several articles from western countries indicate that a relatively higher prevalence of depression is present in pancreatic, lung, oropharyngeal, and breast cancer patients compare with other types of cancer. [15] [16] [17] [18] However, previous study results were derived from comparing a randomly selected limited number of cancer types or by comparing several articles with different affected populations and methodological approaches.
In South Korea, sufficient reliable data to determine the prevalence of depression in cancer patients comparing differ-The data set we analyzed comprised 1,375,842 patients (3% of the total population) who received medical treatment from January 2011 to December 2011 (Serial number: HIRA-NPS-2011-0101). Data was extracted with random sampling methods and stratified by age and sex. The representativeness of the sample was confirmed by previous research. 20 The data included the patient's assigned identification number, age, sex, diagnosis, type of insurance, medical expenses, medications, and hospital visits (inpatient or outpatient). Diagnosis was coded according to the International Classification of Disease, Tenth Revision (ICD-10).
Study subjects and data analysis
From the total population of 1,375,832 Korean patients, patients <18 and >100 years old were excluded from the statistical analysis, resulting in 1,248,914 patients being the subjects of this study. We identified all patients who had the code "C" as a diagnosis to include cancer patients because "C" at the beginning of the ICD-10 code indicates malignant neoplastic disorders. Among the "C" codes, we identified the top 10 most prevalent cancer types in Korea 2 : thyroid (C73), stomach (C16), colon and rectum (C18-C21), breast (C50), lung (C33 and C34), liver (C22), prostate (C61), cervix/uteri (C53), bladder (C67), and non-Hodgkin lymphoma (C82-C85). After classifying the types of cancer, we merged and matched the patient demographic data (age and sex). To identify patients with major depressive disorder (MDD), we screened those who had been diagnosed with an ICD-10 code of F32 or F33. Then, we matched the list of patients with MDD with that of patients with cancer.
Because this study considered the causal factors of each type of cancer in the development of depression, we also extracted the first date of diagnosis within a one-year duration. By comparing the first date of cancer diagnosis with the first date of psychiatric diagnosis, patients who had a psychiatric diagnosis preceding the first diagnosis of cancer were excluded. To compare cancer types, we also excluded patients with more than two cancer diagnoses. The study protocol was approved by the Institutional Review Board of the Asan Medical Center. All statistical processes were done using STATA 13.1 version 1 (Stata Corp, College Station, TX, USA).
Statistical analysis
Data were obtained on the prevalence of MDD among each cancer type, which was defined as the number of patients diagnosed with MDD among each cancer type divided by total number of each cancer patient. The p-value was calculated by the Student's t-test for continuous variables (age) and by the chi-square test for categorical variables (sex). Tests were two-tailed, and p<0.05 was considered statistically significant. Since individual cancer types generally have their own demographic distributions and characteristics, the relative contribution of age and sex to MDD prevalence was examined by analyses of the subgroups. Subgroups were divided based on sex and age groups (group 1: 18-39 yrs, group 2: 40-59 yrs, group 3: 60-79 yrs, and group 4: 80-100 yrs). Subgroup data were analyzed using the chi-square test and Fisher's exact test. Pairwise comparisons were conducted to assess the prevalence differences among the cancer types. In the pairwise comparison, cancer in each subgroup with the highest prevalence was used as the reference. Significance levels for these comparisons were interpreted according to the Bonferroni correction. A significance level of p<0.05/9=0.0056 for each of the nine comparisons was considered statistically significant. The above statistical analyses were performed with SPSS version 21.0 (IBM Corp., Armonk, NY, USA).
RESULTS

Study sample characteristics
Among the 1,248,914 patients analyzed in this study, 33,262 subjects were diagnosed with any one of the top 10 cancer types. In this sub-population, the 2,862 (8.6%) patients with more than two cancers were excluded (2 sites: n=2,585; 3 sites: n=254; 4 sites: n=21; and 5 sites: n=2). The remaining 30,400 patients were the total cancer subject of the prevalence rate analysis. The mean age of the enrolled population was 58.1±13.8 yrs, and 48% of the cases were male. Thyroid cancer (n=6,249, 0.50%) was the most prevalent cancer type, followed by liver (0.36%), colorectal (0.34%), stomach (0.34%), prostate (0.26%), breast (0.26%), lung (0.19%), cervix (0.09%), bladder (0.07%), and non-Hodgkin's lymphoma (0.04%). The patients' mean age was relatively higher for prostate (66.3± 11.2 yrs), lung (65.1±13.0 yrs), and bladder cancer (65.0±13.2 yrs). Male predominance was seen in bladder (73.1%), liver (66.3%), stomach (64.3%), and lung cancer (62.7%). Female predominance was only seen in thyroid cancer (85.0% female).
General characteristics of the study sample are presented in Table 1 .
Prevalence of depression
The prevalence of MDD was 3.64% among total patients sampled. The MDD prevalence rate was highest in lung cancer (11.0%), followed by non-Hodgkin's lymphoma (9.2%), prostate (9.1%), bladder (8.8%), breast (7.8%), cervix (7.8%), colorectal (7.7%), stomach (6.9%), liver (6.5%), and lowest in thyroid cancer (5.6%) (Figure 1 ). In all cancer types, patients with a MDD diagnosis had a significantly (p<0.05) higher mean age than non-MDD patients ( Table 2 ). The gender difference between the MDD and non-MDD groups is shown in Figure 2 .
A statistically significant gender difference was seen in colorectal, liver, stomach, and thyroid cancer, which showed a higher female proportion in the MDD group than the non-MDD group. All of the other cancer sites had a tendency for femalepredominance that was not statistically significant.
Subgroup analysis
In the subgroup analysis, there was a general tendency that an older age and being female were associated with a higher MDD prevalence rate in each of the cancer types ( Table 3 ). As indicated in Table 4 , an overall comparison of MDD prevalence was statistically significant (p<0.05) in the 40-59, 60-79, 80-100 age subgroups of male patients and the 18-39, 40- respectively. In the youngest male age group (18-39 yrs), NHL (6.1%) showed the highest prevalence of MDD, but this group comparison was not statistically significant. Following lung cancer (8.9%), breast (7.5%) and stomach (7.0%) cancer also showed a relatively high MDD prevalence in the youngest female subgroup. Alpha values for each pairwise comparison are listed in Table 4 .
DISCUSSION
Our current analysis indicated that among the 10 most common cancer types in South Korea, depression is most prevalent in lung cancer patients (11.0%). Cancer patients with depression showed a higher mean age and tendency toward a female predominance. In the subgroup analysis, the prevalence of depression differed by both age and sex. The oldest group (80-100 yrs) of both sexes, in particular, showed different patterns of depression prevalence from the other age groups. Thyroid cancer showed the highest prevalence rate (13.0%) in males, and NHL had the highest prevalence (27.8%) in females.
We used national insurance data to compare the overall prevalence of depression in several cancer types and we also sought to assess psychiatric diagnosis and management in clinical practice. The one-year prevalence rate of depression was highest in lung cancer cases. In subgroup analysis, depression was highest in lung cancer patients aged 40-59 yrs in both sexes. Other large population studies have also shown a higher prevalence of depression in lung cancer than in other cancer types. In a previous cross-sectional study from Scotland, the depression rate from lung cancer was 13.1% using a routine depression screening tool in the clinics. 21 A previous Korean study using national registry data also found that the highest incidence rate of psychiatric disorders, including depression, was in lung cancer patients. 22 A relatively higher level of psychological distress in lung cancer patients than in other types of cancer patients has also been reported. [23] [24] [25] In addition, the poor prognosis of this disease and greater patient burden during treatment causes high distress. Current therapies are still ineffective, and multi-modality treatment approaches are inevitable. 18 Several factors, including high mortality, appear to contribute to high psychological distress in lung cancer. In 2011 in Korea, the year of our current study dataset, the most common primary site for cancer deaths was in the lung. 2 NHL also showed a high prevalence for depression in our analysis. In a study by Zabora et al., 18 NHL was found to be the fifth most distressful diagnosis (53.4% rate of depression) among 14 cancer types. However, depression in hematological cancer had not received much analysis in the adult population. Since some patients with NHL can expect to be cured, we hypothesized that the prevalence might be lower than other oncological cancers with a poorer prognosis, but we found NHL to have a relatively high prevalence of depression in our present investigation. We hypothesize that this unexpected result might be due to a spike in the level of psychiatric distress during aggressive chemotherapy, but further study is needed to assess this possibility.
Gender-specific cancers such as breast, cervical, and prostate cancers also showed a relatively high prevalence of depression in our current series. This pattern was consistent with that reported by other studies. In a report by Jane et al., among five selected cancer types, the depression prevalence was found to be highest in lung cancer (13.1%), followed by gynecological (10.9%) and breast cancer (9.3%). 21 In another Korean population-based study, breast cancer patients also showed a high incidence (70.30/1,000 person-years) of psychiatric disorders among five major cancer types, following lung cancer (75.37/1,000 person-years). 22 In our current subgroup analysis, the rate of depression was the 2nd or 3rd most common in prostate cancer, ranging from 5.7% to 12.3%, across all age groups. In young breast cancer patients (18-40 yrs), the prev- alence of depression was relatively higher (7.5%) compared to other cancers. This finding is consistent with an earlier study describing the higher risk of depression in younger breast cancer survivors. 26 A Korean epidemiological study of breast cancer has also reported that depressive disorder was diagnosed in 4.94% of women with breast cancer, which was higher than the general population. In our current age-specific incidence rate analysis, the rate was highest in the oldest aged group (≥80 yrs) as seen in our subgroup analysis. 27 In the cervical cancer cases in our current series, the prevalence of depression was most prominent in the oldest age group. A previous Korean study of cervical cancer survivors has indicated that they had clinically significant greater problems with social functioning, body image, and sexual functioning. 28 The incidence of thyroid cancer has been increasing over the last few decades and this has become the most common cancer in Korea. Decreased risk factor exposure and increased detection has resulted in steady declines in mortality. 2, 29 Despite its increasing prevalence, thyroid cancer showed the lowest prevalence of depression in our current study. Thyroid cancer is now perceived by patients as a remarkably treatable and curable disease. We assume that patients may have lower distress levels than those with other cancers with worse prognoses. This speculation is supported by a previous cross-sectional study in 13 thyroid cancer patients with hypothyroidism. Unexpectedly in that study, the severity of depressive symptoms was in the normal range, and depression prevalence was also comparable to the reference populations. 30 As in the general population, females showed a higher prevalence of depression than the male group of same age in our current analysis. Colorectal, stomach, liver and thyroid cancer showed statistical significance for female predominance. Female predominance in depression is consistent with several other studies with a heterogeneous group of different cancer types and stages. 17, 31 A recent Korean population-based study also revealed that being female was a risk factor for a psychiatric comorbidity. 22 However, there were several inconsistent findings in that study of no difference in depression rates by sex. Two other studies considered cancer stage and prognosis, which were not available from our current data, and found that the gender disparity was prominent in groups with a better prognosis but not in those with a poorer prognosis. [32] [33] [34] We found that the depression group in all cancer types had a significantly older mean age. Also, in the subgroup analysis, we found a tendency for the oldest aged group to show higher MDD prevalence rates. A recent Korean study also indicated that older age is a risk factor for psychiatric in cancer patients. 22 According to another study in cancer patients, older cancer patients have a tendency to use an avoidance coping strategy and this habit is associated with a higher risk of depression. 35 However, there have been several studies regarding the higher depression rate in younger cancer patients that suggest better resilience in older cancer patients. [36] [37] [38] We speculate that there may be a different pattern of mental health service utilization such that older patients are more likely to seek medical help and are less fearful about psychiatric diagnosis and treatment. In addition, since our current data do not address disease duration, it is possible that individual variations in this may contribute to high prevalence because older patients have a greater chance of having an advanced stage tumor, experience of recurrence, high vulnerability to physical symptoms, and longer duration of treatment.
A number of existing psychiatric studies in cancer patients are limited by a focus on a specific cancer type, small sample sizes, different measurement tools and diagnostic criteria, and various disease stage and trajectories. In this context, our study had several strengths such as the large, randomly selected sample population used to minimize selection bias and the ability to study several cancer types with the same approach. Second, using insurance data, we compared prevalence rates derived from real-world psychiatric diagnostic information. Compared to other small sample-sized studies, the overall prevalence rate of depression in our analysis tended to be relatively low, ranging from 5% to 15%. This difference may derive from an under-diagnosis and under-treatment in clinical practice. Based on our clinical experience and other study results, cancer patients are reluctant to be labeled with a psychiatric diagnosis. 39, 40 We speculate that the actual prevalence might be higher than our results suggest. Third, there was an advantage of our data related to the current insurance laws in Korea. The Korean health system is underpinned by a National Health Insurance (NHI) framework that covers the entire population, with graded contributions according to economic status. Current insurance coverage for antidepressants for more than 60 days is only provided when the medication is prescribed by a psychiatrist. Thus, the majority of current depression diagnoses and antidepressant prescriptions in our dataset were confined to psychiatric departments rather than other medical departments. This increases the chance of diagnostic accuracy.
It must be noted however that the results of our present study need to be considered in the context of several limitations. First, this was an epidemiological study, and accessible variables were limited. There were also unmeasured confounding factors we could not consider. Cancer trajectory, illness duration, current stage, and previous history of a psychiatric disorder are examples of these. Second, the causal relationship between cancer and a psychiatric condition was uncertain because of our cross-sectional study design. However, to add credence to the possibility of a causal relationship, we excluded patients who had a depression diagnosis before the cancer diagnosis during the 1-year study period. Although we tried to manage this problem, we could not completely overcome this limitation. Some people became depressed during their work-up period before the final diagnosis, and our exclusion criterion could have been an over-exclusion. Third, the reliability and validity of the diagnoses in our series were not as qualified as structured interviews by trained experts. There are differences between the diagnostic methods of each physician. Fourth, we only included patients with MDDs, which may have led to an underestimation of the true extent of depression in cancer patients. We did not include adjustment disorder (F40-48) because of its relatively vague and encompassing characteristic. Sometimes this disorder can be confused with temporary depressed mood or anxiety accompanied with a cancer diagnosis that can be viewed as a normal response. However, adjustment disorder is also used as a less stigmatizing label for depression treatment and may also represent an early diagnosis of major depression. Finally, the poisson regression analysis might be appropriate to estimate prevalence ratio in this study. However, it was not easy to get the age-standardized prevalence of each 10 most common cancer. This methodological consideration is one of limitations of this study.
In conclusion, using National Health Insurance claims data from Korea, we found that the depression prevalence rate in cancer patients is approximately from 5% to 15%, which is higher than the general population in the same sample (3.64%). In addition, the prevalence of depression was highest in lung cancer patients among the most common top 10 cancers in Korea but the order of this prevalence rate changed according to sex and age. These findings provide important information for clinical considerations to detect and treat depression in patients with different cancers. Particular attention should be given to elderly, female, and to lung cancer patients with psychological distress. Further studies of each cancer type are needed to expand our understanding of the different risk factors for depression.
